Recently, orthorhombic CuMnAs has been proposed to be a magnetic material where topological fermions exist around the Fermi level. Here we report the magnetic structure of the orthorhombic Cu0.95MnAs and Cu0.98Mn0.96As single crystals. While Cu0.95MnAs is a commensurate antiferromagnet (C-AFM) below 360 K with a propagation vector of k = 0, Cu0.98Mn0.96As undergoes a second-order paramagnetic to incommensurate antiferromagnetic (IC-AFM) phase transition at 320 K with k = (0.1,0,0), followed by a second-order IC-AFM to C-AFM phase transition at 230 K. In the C-AFM state, the Mn spins order parallel to the b-axis but antiparallel to their nearest-neighbors with the easy axis along the b axis. This magnetic order breaks Ry gliding and S2z rotational symmetries, the two crucial for symmetry analysis, resulting in finite band gaps at the crossing point and the disappearance of the massless topological fermions. However, the spin-polarized surface states and signature induced by non-trivial topology still can be observed in this system, which makes orthorhombic CuMnAs promising in antiferromagnetic spintronics.
Dirac cones have been proposed and observed in many non-magnetic materials, including Cd 3 As 2 [1, 2] and Na 3 Bi [3, 4] . By breaking inversion symmetry (P) or time-reversal symmetry (T ), a Dirac point can be split into a pair of Weyl points. To break T , we can either apply an external magnetic field or use the spontaneous magnetic moment inside the material. For the latter case, the correlation between spontaneous magnetism and Weyl fermions has been studied in the AMnPn 2 (A = rare earth or alkali earth and Pn = Sb or Bi) system [5] [6] [7] [8] [9] [10] [11] [12] and the half-Heusler compound GdPtBi [13, 14] . Recently, CuMnAs was proposed to be an interesting material with non-trivial topology. CuMnAs has two polymorphs; the tetragonal (TET) CuMnAs, which crystalizes in the space group P 4/nmm, and the orthorhombic (ORT) CuMnAs crystalizing in the non-symmorphic P nma space group. The TET phase consists of alternating layers of edge-sharing CuAs 4 and MnAs 4 tetrahedra. It has been proposed to be a candidate with favourable applications in spintronics [18, 19] and a topological metal-insulator transition driven by the Néel vector [17] . On the other hand, the ORT phase consists of a 3D network of edge-sharing CuAs 4 and MnAs 4 tetrahedra ( Fig. 2(c) ), where the Mn atoms form a 3D distorted honeycomb lattice ( Fig. 2(d) ). ORT CuMnAs was proposed to be an antiferromagnetic topological semimetal when the spin-orbit coupling is fully considered [15, 17] . In such a system, two gapless points, named as coupled Weyl fermions, are robust if the combination of PT is * Corresponding author: nini@physics.ucla.edu reserved and the non-symmorphic screw symmetry S 2z is not broken. Thus, the anti-ferromagnetic ORT CuMnAs provides an ideal system to study the interplay between antiferromagnetism (AFM) and Dirac fermions [15] . In this paper, we will focus on the ORT CuMnAs. We experimentally determine its magnetic order, which breaks the T and P symmetries but keeps their combination PT . We further show that this magnetic order will cause ORT CuMnAs to host interesting topological phase with spin-polarized surface states.
CuMnAs single crystals were grown via the high temperature solution method with Bi as the flux [20, 21] . The resistivities of the ORT single crystals are around tenths of mΩ-cm and show metallic behavior. We observed two types of temperature-dependent resistivity behaviors. Figs. 1(a)-(b) show the normalized resistivity curves, ρ(T )/ρ(400K), representative of each type of behavior. Piece A (PA) shows a resistivity drop with a slope change at 360 K, suggesting the existence of one phase transition. The derivative of resistivity, dρ/dT, shows a sharp kink at 360 K. On the other hand, piece B (PB) shows two resistive anomalies, suggesting the occurrence of two successive phase transitions. The dρ/dT plot indicates that one kink appears around 320 K and the other occurs around 230 K. Table SI includes a summary of the relation between the number of resistive anomalies and the growth condition. The inset of Fig. 1(a) shows the field dependent Hall resistivity ρ yx (H) of PA at 2 K and 100 K. ρ yx is positive, indicating that holes dominate the transport. It is linearly proportional to H and shows almost no temperature dependence, suggesting the validity of the single band model here. Based on n =B/eρ yx , the estimated carrier density is ≈6.5×10 20 /cm 3 . This value is significantly greater than Dirac semimetals Cd 3 As 2 [22] , Na 3 Bi [23] and Weyl semimetal TaAs [24] , but comparable to the Dirac nodal-line semimetal candidates ZrSiSe [25] and CaAgAs [26] .
As a representative, the temperature dependent susceptibility (M/H(T )) and heat capacity (C p (T )) of PB are presented in Figs. 1(c)-(d). Two slope changes can also be observed in the M/H(T ) data, which can be clearly seen in d(M/H)/dT . From 300 K to 400 K, the highest temperature we measured, the M/H(T ) data is almost temperature independent, showing no CurieWeiss behavior. No metamagnetic phase transition is observed with H // b and c directions up to 7 T. The C p (T ) data show only one heat capacity jump around 320 K without any anomaly at 230 K, suggesting that the phase transition at 230 K is most likely a transition between two ordered phases. Since both phase transitions are at high temperatures, we fitted the C p /T data from 2 K to 10 K using C p = γT + αT 3 + βT 5 , where the first term refers to the electronic heat capacity and the rest to the low temperature lattice heat capacity. We deduced a Sommerfeld coefficient γ=1.88 mJ mol
which indicates a small density of states at the Fermi level for the ORT CuMnAs.
To shed light on the difference in physical properties between PA and PB, single crystal X-ray and neu- tron diffraction measurements were performed on these two pieces to investigate their structural properties. No structural phase transition is detected down to 100 K. Combined with the SEM-EDX data, which gives Cu 0.98(3) Mn 0.98(4) As 1.02(4) for both PA and PB, by examining the refinements based on X-ray and neutron data via various models, we are convinced that both site vacancies and site disorders exist [21] . Tables SII and SIII  summarize To unravel the nature of these phase transitions, single crystal neutron diffraction was performed using HB-3A single crystal neutron diffractometer at High Flux Isotope Reactor (HFIR) at Oak Ridge National Laboratory (ORNL). Figure 2 indicates a long range commensurate AFM (C-AFM) order. The temperature dependent (1,1,0) peak intensity agrees well with the dρ/dT , shown in Fig. 2(b) . It suggests a second order AFM phase transition and can be fitted using the power law
2β , where M 0 is the saturation moment. With T N = 360 K, the critical exponent is β = 0.35(3), which agrees with the φ 4 model in 3D [27] and suggests the breakdown of the mean field theory (β = 0.5) and thus a strong spin fluctuation near T N . We refined the magnetic and nuclear structure of Cu 0.95 MnAs together based on 76 effective magnetic reflections. P n ′ ma is the only magnetic symmetry which can fit the data. The Rfactor is 0.0508 and the goodness of fit is 6.08. Figures  2(c)-(d) show the refined C-AFM structure. Mn spins sit on a distorted honeycomb sublattice and order parallel to each other along the b axis (Fig. 2 (c) ) with the nearestneighboring spins antiferromagnetically aligned to each other ( Fig. 2(d) ). This magnetic structure is the same as the one proposed theoretically in Ref. [15] , but with the spin orientation along the b axis. The refined magnetic moment at 150 K is 4.0(1) µ B /Mn. (1,1,0) is not allowed by the crystal structure symmetry in the ORT CuMnAs phase, and the non-zero intensity we observed above 320 K matches with 1.4% half-lambda contamination at HB-3A (without the filter). In Fig. 3(a) , magnetic satellite peaks begin to appear near the (1,1,0) as the sample is cooled below 320 K, suggesting incommensurate antiferromagnetism (IC-AFM). Figure 3(c) shows a cut in the hk0 plane at 227 K. We can clearly detect the three peaks shown in Fig. 3(a) . The concentration of points at (0.9,1,0) and (1.1,1,0) indicates the presence of the incommensurate magnetic peaks, suggesting an incommensurate propagation vector k = (0.1,0,0). Upon further cooling of the sample below 230 K, we observe that both (0.9,1,0) and (1.1,1,0) peak intensities decrease while the (1,1,0) peak intensity starts to increase, indicating a competition between the C-AFM with the propagation vector k = 0 and IC-AFM. Below 190 K, both (0.9,1,0) and (1.1,1,0) peaks diminish whereas the (1,1,0) peak keeps increasing, suggesting the disappearance of IC-AFM. To better visualize the competition and coexistence, Fig. 3(d) shows the (0.9,1,0) and (1,1,0) peak intensities and dρ/dT as a function of temperature. We can see that Cu 0.98 Mn 0.96 As undergoes a second-order PM to IC-AFM phase transition at 320 K as well as a second-order IC-AFM to C-AFM phase transition at 230 K. IC-AFM competes and coexists with the C-AFM phase between 230 to 190 K and disappears below 190 K. Based on 102 effective magnetic peaks, the refined C-AFM structure is the same as the one in Cu 0.95 MnAs (Figs. 2 (c)-(d) ) with the refined magnetic moment at 6 K as 4.3(2) µ B /Mn and a R-factor of 0.0555. The moment is smaller than 5 µ B /Mn, the theoretical saturation moment for Mn 2+ .
In order to explore the electronic and topological properties of ORT CuMnAs with the magnetic orientations along b axis, we calculate its bulk band structures and the corresponding (010) surface states, as shown in Fig.  4 . Due to the presence of the PT symmetry in the experimental C-AFM phase, every bulk state is double degenerate. Furthermore, the band inversion still exists in this system, thus the non-trivial topological properties can appear. Because the C-AFM order breaks the nonsymmorphic gliding symmetry R y and screw symmetry S 2z , in contrast to the case with spin orientation along the c axis [15] , now the gapless coupled Weyl fermions disappear and the Dirac nodal line is fully gapped everywhere by SOC in the bulk Brillouin zone (BZ), as shown in Fig. 4(a) . But the gap size is quite small, for example, the band gap induced by SOC along ΓX line is just 7 meV, as indicated in Fig. 4(b) . Figure 4(c) shows the spin-polarized surface states emerging from the gapped bulk states (see Fig. 4(d) and (e)) on the (010) side surface. Due to the absence of rotation symmetries on the (010) surface, the Fermi surface contour at the Fermi level is asymmetric, and the spin-polarized surface states are gapped. This distinguishing character is different from surface states in topological insulators and Dirac semimetals. On the other hand, because the bulk Dirac fermions in this case are massive and the time reversal symmetry is broken, the fluctuations could resemble the dynamical axion field, which gives rise to exotic modulation of the electromagnetic field showing the similar signature of axion insulators [28] .
In conclusion, the Dirac antiferromagnetic semimetal candidates, ORT Cu 0.95 MnAs and Cu 0.98 Mn 0.96 As single crystals, show no structural phase transitions down to 100 K. The magnetism is very sensitive to the stoichiometry of the Cu and Mn sites. Cu 0.95 MnAs has a PM to C-AFM phase transition at 360 K while an intermediate IC-AFM state between PM and C-AFM states appears in Cu 0.98 Mn 0.96 As. In both C-AFM state, spins order parallel to one another along the b axis, but antiparallel to their Mn nearest-neighbors with the moment around 4.3 µ B /Mn. The spin orientations are along the b axis, which break both S 2z and R y symmetries in the C-AFM state and gap the coupled Weyl nodes and Dirac nodal line, resulting in similar electromagnetic response to that of axion insulators. Furthermore, the presence of spinpolarized surface states on this AFM semimetal makes ORT CuMnAs to be a good candidate for the antiferromagnetic spintronic applications. 
